Objective: To assess the reproducibility of a 135-item self-administered semiquantitative FFQ. Design: Control subjects who had previously completed an FFQ relating to usual dietary intake in a nationwide case-control study of cancer between November 2003 and April 2004 were randomly selected, re-contacted, and invited to complete the same FFQ a second time approximately one year later (between January and April 2005). Agreement between the two FFQ was compared using weighted kappa statistics and intraclass correlation coefficients (ICC) for food groups and nutrients. Summary questions, included in the FFQ, were used to assess overall intakes of vegetables, fruits and meat. Setting: General community in Australia. Subjects: One hundred men and women aged 22-79 years, randomly selected from the previous control population. Results: The weighted k and ICC measures of agreement for food groups were moderate to substantial for seventeen of the eighteen food groups. For nutrients, weighted k ranged from 0?44 for starch to 0?83 for alcohol while ICC ranged from 0?51 to 0?91 for the same nutrients. Estimates of meat, fruit and vegetable intake using summary questions were similar for both survey periods, but were significantly lower than estimates from summed individual food items. Conclusions: The FFQ produced reproducible results and is reasonable in assessing the usual intake of various foods and nutrients among an Australian adult population.
Nutrition has been established as a major determinant of chronic diseases including type 2 diabetes (1) , CVD (2, 3) and certain cancers (4) , with strong positive and negative effects on health throughout the lifetime. These effects may be a direct consequence of the nutrients in foods or indirectly related to energy balance, as it is widely known that habitual intake of energy in excess of expenditure results in weight gain and obesity is a risk factor for many chronic diseases. For example, the recent report from the World Cancer Research Fund and American Institute for Cancer Research concluded that red and processed meats increase risk of colorectal cancer, while high intake of certain fruits and non-starchy vegetables probably reduces risk of cancers of the ovary, pharynx and larynx, oesophagus and stomach (4) . Cohort studies have also shown that low intake of animal fat, moderate consumption of alcohol, particularly red wine, and high intakes of oily fish, fruits and vegetables are associated with reduced CHD risk (3) . Overall, it has been estimated that nutrition and associated factors (physical activity and obesity) may account for 30-40 % of all cancers (4) . In contrast to many other risk factors for disease, diet is potentially modifiable. It is therefore important that dietary intake be quantified through accurate and precise methods in order to determine the specific role dietary factors play in chronic disease promotion or prevention.
In large-scale epidemiological studies, diet is often assessed using a self-completed FFQ where the frequency of intake of various itemised foods is recorded. The low cost and ease of self-administration of FFQ facilitate their use in this way. FFQ are designed to measure long-term dietary intake rather than short-term intake and are commonly used to rank study participants according to their food or nutrient intake (5) . Such ranking is adequate for most epidemiological studies, which usually assess the relative risk of disease among those with the highest compared with the lowest levels of intake. One important quality of an FFQ is its reproducibility, defined as the consistency with which study subjects answer the same questions on various occasions. In previous reproducibility studies of FFQ, correlation coefficients have typically been found to range from 0?4 to 0?7 for food items and from 0?5 to 0?7 for nutrients (5, 6) . In the present paper we report the findings of a study undertaken to assess the reproducibility of an FFQ used to collect dietary data for a series of cancer studies (7) (8) (9) conducted in Australia.
Methods

Study subjects
The Australian Cancer Study and Australian Ovarian Cancer Study are Australia-wide population-based casecontrol studies investigating the risk factors for cancers of the oesophagus and ovary in adults aged 18-79 years. Control subjects were randomly sampled from the Commonwealth Electoral Roll (enrolment is compulsory in Australia and estimated to be 97 % complete) to match the age, sex and geographic distribution of the cases. The method of selection of cases and control subjects has been described in full elsewhere (8, 9) . The present study was restricted to control subjects who completed their initial FFQ (FFQ1) during the first few months of the main study (November 2003 to April 2004 . Subjects with cancer (case subjects) were excluded because of concerns they might have changed their diet since their diagnosis. Of 309 potentially eligible controls, subjects were selected to give an approximately even balance of men and women covering the full age range up to 79 years; in practice, this included all eligible controls under the age of 50 years and approximately half of those over 50 years, selected at random (n 165). This group was re-contacted and asked to complete the FFQ again (FFQ2) between January and April 2005. Repeat FFQ were returned by 114 participants (69 %) and valid data were available for 100 of these after excluding five participants with implausible daily energy intake (,3360 or .168 00 kJ for men, ,2100 or .147 00 kJ for women) (5) and nine participants who omitted responses to more than 10 % of the FFQ items.
Dietary assessment
Dietary data were collected via a 135-item self-administered semi-quantitative FFQ that was adapted for the Australian population from the validated instrument developed by Willett and colleagues (10) . The changes included modifying names of certain foods (e.g. biscuits for cookies) and specification of portion sizes compatible with Australian measures. A similar version has been shown to have good validity in the Australian population (11) (12) (13) (14) . Participants were asked to report their usual eating habits. For the itemised foods on the FFQ, they were asked to indicate how often, on average, they consumed the given standard serving size of food in the previous year. Serving sizes were indicated using 'natural' units such as one egg, apple or orange; commonly used portions such as a slice of bread or cheese, or glass of milk (8 oz); or typical serving sizes such as half a cup of cooked carrots, peas or green beans or half a glass (4 oz) of fruit juice. The nine possible response options ranged from 'never' to '41 times a day'. Additional items not mentioned in the frequency format included types of fat used for frying and cooking, types of margarine and butter used, the amount of sugar added to food and the usual brands of cold breakfast cereal used. Prior to analysis, food items with similar nutrient content were combined and considered as a food group; for example, spinach, silver beet and lettuce were grouped as green leafy vegetables. Individual food items such as confectionery or crisps that were of no aetiological relevance to the cancers investigated were not included. In total, eighteen food groups of interest were created (see Appendix).
Frequency of consumption of itemised foods was converted into intake in g/d by multiplying the specified serving size of each food item (15) and, for lactose and galactose, NUTTAB90 (16) ) were used to calculate daily nutrient intakes. Lactose and galactose were included because these have previously been linked with ovarian cancer risk (17) . In addition to the itemised foods, three summary questions on total consumption of vegetables (excluding potatoes), fruits and meats were included in the FFQ to assess possible over-or under-reporting on individual food items. These questions took the form 'How many servings of vegetables (excluding potatoes) do you usually eat a day?' Response frequencies to these summary questions were then compared with the summed frequencies of consumption of individual items from the meat, fruit and vegetable groups from the FFQ.
Statistical analysis
The Shapiro-Wilks statistic, skewness and kurtosis values were initially used to assess the normality of the data. All analyses were performed on natural log-transformed data. Paired t tests were used to assess whether reported dietary intake differed between the original and repeat surveys for each of the variable pairs. All results were back-transformed to the original scale to aid interpretability.
To assess the reproducibility of the FFQ, weighted kappa and the intraclass correlation (ICC) statistics were calculated for each of the food groups and nutrients to determine the degree of similarity between FFQ1 and FFQ2. The ICC was calculated using a two-way mixedmodel ANOVA with single measure reliability. This was performed using the SAS GLM procedure, with the ICC calculated as the ratio of the 'between-subject mean square minus the error mean square' and the total variance; 95 % confidence intervals were also estimated (18) . We categorised the data into quartiles, with the cut-off points for the original survey variables also applied to the repeat variables. The weighted k statistic was calculated using these categories. The Fleiss-Cohen (19) quadratic weighting scheme and 95 % confidence intervals were calculated with the SAS FREQ procedure. This weighting was chosen to produce values that are mathematically the most similar to the ICC measure of agreement. All statistical analyses were performed using the SAS statistical software package version 9?1 (SAS Institute Inc., Cary, NC, USA).
Results
Complete replicate FFQ were available for 100 participants (fifty men and fifty women) with a mean age of 60 years (range 22-79 years). The back-transformed mean intake of food groups and nutrients from FFQ1 and FFQ2 are presented in Tables 1 and 2 , respectively. There was generally no difference in mean intake of food groups between FFQ1 and FFQ2. However, intake was significantly lower in FFQ1 than FFQ2 for red/yellow vegetables and other vegetables (Table 1) . For nutrients, mean intake was significantly lower in FFQ2 than FFQ1 for total energy, carbohydrate, total fat, polyunsaturated fat, monounsaturated fat, riboflavin, thiamin, Ca and caffeine ( Table 2 ).
The weighted k measures of agreement for food groups between FFQ1 and FFQ2 ranged from 0?37 for breads and cereals to 0?71 for low-fat dairy and green leafy vegetables (Table 1) . The ICC between the food groups ranged from 0?39 for 'other vegetables' to 0?73 for low-fat dairy and green leafy vegetables (Table 1) . For the nutrients, weighted k between FFQ1 and FFQ2 ranged from 0?44 for starch to 0?83 for alcohol (Table 2) , while the ICC ranged from 0?51 for starch to 0?91 for alcohol (Table 2) . Though the magnitude of the weighted k corresponded well to the ICC, we calculated the latter to allow comparison with other studies. Stratified analysis by gender showed no difference in weighted k or ICC between males and females (data not shown).
Mean intake estimated from the summary questions did not differ appreciably between FFQ1 and FFQ2, although mean meat intake was somewhat higher and mean fruit intake slightly lower on FFQ1 than FFQ2. Similarly, total intakes summed across the individual FFQ items did not differ greatly between FFQ1 and FFQ2. However, estimates from the summary questions were significantly lower than the estimates summed from the individual food items for meat, fruit and vegetables on both FFQ1 and FFQ2 (P , 0?02). Estimates based on the sum of individual FFQ items were generally 70-90 % higher than the estimates of the summary questions, suggesting an overestimation of meat, fruit and vegetable intake by the itemised FFQ method (Table 3) .
Discussion
We assessed the reproducibility of an FFQ by administering the same FFQ to the same group of study participants on two occasions, one year apart, and comparing (20) , agreement for k statistics of 0?40-0?59 is considered to be 'moderate', 0?60-0?79 is 'substantial' and 0?80-1?00 is 'outstanding or almost perfect'. Reproducibility of the FFQ in our study population, as measured by the weighted k statistic, was therefore 'moderate' to 'substantial' for all food groups and nutrients tested. Of the eighteen food groups studied, eleven (61 %) had weighted k measures indicating 'substantial' agreement and six food groups (33 %) showed 'moderate' agreement. Of the twenty-eight nutrients studied, one (alcohol) had a weighted k measure indicating 'outstanding or almost perfect' agreement, eight (29 %) showed 'substantial' agreement and nineteen (68 %) had 'moderate' agreement. This provides reassurance that the data obtained from this FFQ are reproducible. An earlier version of the FFQ was also shown to have good validity for measurement of diet (11) (12) (13) (14) and thus the FFQ can be used to rank subjects in an adult Australian population according to their dietary intake with some confidence.
Our results are comparable to those from studies of similar FFQ used in Western adult populations, where the ICC between two administrations of the FFQ ranged from 0?50 to 0?70 (6) or from 0?40 to 0?95 (21, 22) . The ICC we obtained were closer to those from the Nurses' Health Study (10) and the Health Professionals Follow-up Study (23) than the Helsinki Diet Methodology Study (24) or the Stroke in the Elderly Study (25) , which reported somewhat better repeatability perhaps due to the presence of older adults (55 years and older; see Table 4 ). Reproducibility of nutrient intake among the elderly has been reported to be particularly high (6, 25) as older people may be more established in their dietary habits than younger groups (25) . In our population, we observed for most foods and all nutrients that the weighted k values were consistently slightly lower than the corresponding ICC values and this is also in agreement with previous studies (25, 26) . It has been reported that weighted k values are sensitive to the choice of cut-off points (26) ; thus the ICC values are likely to be more robust.
We have shown that there is reproducibility in the reporting of meat and vegetables using the summary questions, and in the reporting of meat and fruits using detailed items on an FFQ. We have also shown that intakes were higher when assessed by FFQ compared with summary questions. It is likely that this represents overestimation of intake by the FFQ items compared with the summary questions, as has been reported in several previous studies (27) (28) (29) (30) . While this may cause problems with estimation of absolute levels of intake, it should not affect the ranking of individuals and thus is not a major problem for studies where this is the primary aim (29) . Furthermore, this overestimation can potentially be corrected by weighting the itemised FFQ responses by a factor equal to the ratio of the reported frequency on the summary question divided by the estimated frequency from summing the individual items on the FFQ in the same food group (28, 30) . The estimates for nine nutrients were significantly lower on FFQ2 than FFQ1, but higher for two food groups. These changes could reflect a genuine change in diet over the 1-year period. Overall 11 % of participants reported that their diet had changed between FFQ1 and FFQ2; when this occurred they were asked to report their usual diet before the change. However it is possible that, in some individuals, differences between FFQ1 and FFQ2 reflect a genuine shift in intake over the year between the two questionnaires and, if this is the case, our data would tend to underestimate the reproducibility of our FFQ.
In summary, the 135-item semi-quantitative FFQ provided reproducible measurements for individuals over a period of 1 year, suggesting that it is reasonable to use for classifying individuals into groups based on their relative levels of intake.
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